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Abstract
We present the plan of the CMS collaboration for early QCD measurements with high transverse
momentum jets. Due to the enormous QCD cross section, a small amount of data (approximately
ten inverse picobarn) from the first LHC p-p collisions will allow a reach in transverse momentum
far beyond previous experiments. We discuss the measurements of the inclusive jet and dijet cross
sections, as well as the dijet angular distributions and jet shapes. The analysis techniques, dominant
systematic uncertainties, comparisons to QCD predictions, and sensitivity to physics processes beyond
the Standard Model for these measurements will be presented.
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We present the plan of the CMS collaboration for early QCD measurements with high
transverse momentum jets. Due to the enormous QCD cross section, a small amount
of data (≈ 10 pb−1) from the first LHC p-p collisions will allow a reach in transverse
momentum far beyond previous experiments. We discuss the measurements of the
inclusive jet and dijet cross sections, as well as the dijet angular distributions and jet
shapes. The analysis techniques, dominant systematic uncertainties, comparisons to
QCD predictions, and sensitivity to physics processes beyond the Standard Model for
these measurements will be presented.
1 Introduction
QCD processes dominate the cross sections at the LHC. Jets with large transverse momenta
allow tests of QCD in the perturbative regime. These observables will be of major importance
for detector commissioning and provide sensitivity to new physics. Already with first LHC
data we will be able to confront data with perturbative QCD at the TeV scale, thus testing
the extrapolations of current parton distributions and the strong coupling constant αS . As
it will contribute to the majority of the background signals, a profound understanding of
high pT multijet production is vital for the study of new physics signals [1]. All plots are
given for full detector simulation at
√
s = 14 TeV, if not stated differently,
2 Jet Measurement
Two infrared and collinear safe algorithms are currently in use at CMS [2] for analyses
comparing to perturbative calculations. On the one hand there is the kT algorithm [3, 4, 5]
which is used in the inclusive mode with two D parameters (0.4 and 0.6). On the other hand
we use the seedless infrared safe cone algorithm (SISCone, [6]) with R parameters set to 0.5
or 0.7. Both algorithms are implemented using the FastJet package [7]. Analyses which do
not depend on infrared and collinear safeness as well as the high level trigger use a simple
iterative cone implementation with a radius of 0.5. As input for the algorithms four-vectors
built from either calorimetric energy deposits, tracks from charged particles or individually
reconstructed particles are used. Additionally jets can be clustered from MC truth particles
of the event generation.
3 Jet Energy Calibration
The jet energy corrections, applied on a jet-by-jet basis, correct the jet pT response on
average to the true energy deposited in the detector. CMS plans to apply a factorised
approach [8], where at first an offset correction removes pile-up and noise contributions.
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200 < Dijet Pt < 250 GeV
Figure 1: A comparison of relative correction fac-
tors is shown for dijet balance and MC truth.
Then a relative correction is applied which
equalises the jet response in pseudo rapid-
ity. Finally the absolute correction flattens
the jet pT response. These corrections will
initially be determined from detector simu-
lation. Later on several parts of it will be
exchanged by data driven corrections. So it
is planned to profit from the large amount
of dijet events produced at the LHC to de-
termine the relative correction from dijet
balancing and the absolute corrections are
planned to be extracted from data by using
γ+jet or Z+jet balancing. Additionally op-
tional corrections for specific purposes are
planned. CMS assumes the jet energy scale uncertainty to be about 10% at startup, which
will be reduced once collision data is available. A comparison of the relative corrections
derived from MC truth and from dijet balance is given in Figure 1.
4 Inclusive Jet Cross Section
The relation between the theoretical quantity an the measurement can be expressed as a
function of Njets jets counted in a bin, an integrated luminosity L, the efficiency ε of the
event clean-up and any ID cuts, the resolution unsmearing correction factor Cres, and the





L · ε ·
Njets
∆pT ·∆y
Not only due to the steeply falling nature of its spectrum, this measurement is extremely
dependent on the knowledge of the correct jet energy scale. Thus measuring the inclusive
jet cross section is an important step demonstrating an overall detector understanding and
enabling a commissioning of jets for other analyses. Even with a small amount of data at√
s = 14 TeV it is possible to exceed the pT reach of the Tevatron (currently ≈ 700 GeV
[9, 10, 11]). Figure 2 demonstrates the reach in transverse momenta of the inclusive jet
cross section together with the excess due to a model of contact interaction at a scale Λ+
of three or five TeV on the left, which is discussed in more detail in [12]. This deviation
becomes clearly visible on the right plot, even taking the dominant uncertainties due to jet
energy scale (10%), PDF uncertainties, and expected statistical uncertainty for 10 pb−1 into
account. Currently the Tevatron excludes such interactions up to Λ+ of 2.7 TeV [13].
4.1 Jet Pt Resolution Unsmearing
In addition to jet energy scale corrections, the inclusive spectrum has to be corrected for the
effects resulting from the convolution of the steeply falling spectrum with the finite resolution
of the detector. This leads to 18% overestimation of the spectrum at 100 GeV which is
reduced to about 5% above 1 TeV for central rapidity (Fig. 3). CMS plans to measure
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Figure 2: Inclusive jet cross section together with the high p
T
excess due to contact interactions
given on the left, the fractional view is given on the right.
Figure 3: The effect of the finite jet p
T
resolution
on the inclusive jet cross section is demonstrated.
the jet pT resolution from data using the
Asymmetry Method [14], taking advan-
tage of the fact, that the dijet asymme-
try is linked to the width of the Gaus-
sian part of the jet pT response. The re-
sults have been found to be comparable
to those directly obtained from matching
particle jets to calorimetric jets in Monte
Carlo studies (Fig. 4). For calorimetric jets
this resolution is predominantly governed
by detector effects and no huge differences
are observed for different jet algorithms.
To finally retain a spectrum which is cor-
rected for resolution effects, one can use the
Ansatz Method [9, 15]. Here an analytical
Ansatz for the bare spectrum is convoluted with the measured resolution and fitted to the
jet energy scale corrected spectrum. The extracted Ansatz parameters are then used to






















Figure 4: The Figure shows the resolution of the
transverse momentum measured using the Dijet
Asymmetry Method as well as directly extracted
from Monte Carlo studies.
When comparing the measured inclusive jet
cross section to calculations in perturba-
tive QCD, the uncertainties due to the fi-
nite order in perturbation as well those due
to input parameters have to be determined.
Evaluating the NLO scale uncertainty and
the uncertainty introduced by the PDFs, for
the kT algorithm at
√
s = 10 TeV, an overall
uncertainty of ±5% at 100 GeV, which is in-
creased to up to 20% at the TeV scale is ob-
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served (Fig. 5). Additionally the NLO cross section has to be corrected for non-perturbative
effects in order to be comparable to the measurements. Such corrections currently contain













f)/σ fastNLO NLO (CTEQ6.5)
incl. kT, D=0.6
0.00 ≤ |y| < 0.55
0.55 ≤ |y| < 1.10
1.10 ≤ |y| < 1.70
1.70 ≤ |y| < 2.50
2.50 ≤ |y| < 3.20













r)/σ fastNLO NLO (CTEQ6.1)incl. kT, D=0.6
scale uncertainty
0.00 ≤ |y| < 0.55
0.55 ≤ |y| < 1.10
1.10 ≤ |y| < 1.70
1.70 ≤ |y| < 2.50
2.50 ≤ |y| < 3.20
3.20 ≤ |y| < 5.00
Figure 5: Uncertainties on the inclusive jet cross section in NLO calculations for various bins in
rapidity. PDF uncertainty is presented on the left, scale uncertainty on the right. Both plots are
for
√
s = 10 TeV.
5 Dijet Mass Cross Section
Dijet Mass (GeV)

























q*  signals  for
M = 0.7,  2,  &  5 TeV
QCD Statistical
Errors for 100 pb-1
CMS Preliminary
Figure 6: Signals of an excited quark q∗ with
three different masses on top of the QCD spec-
trum are shown as their fractional difference to
the bare QCD dijet mass spectrum.
The dijet mass cross section is sensitive
for new physics objects decaying into two
jets, like q∗, Z‘ or others (Fig. 6). With
100 pb−1 it is expected to clearly see an
excited quark q∗ with a mass of two TeV.
Tevatron currently excludes masses below
0.87 TeV [16, 17]. To become more indepen-
dent from systematic effects in first data,
the dijet ratio between two rapidity regions
contained in a homogeneous and central de-
tector area will be used to probe contact in-
teraction or resonance decay signals of new
physics. Furthermore, dijet angular distri-
butions clearly distinguish between usual
QCD dijets and resonance decays or con-
tact interactions, which are more isotropic
(Fig. 7). Being sensitive to the production
mechanism, this measurement can help to
confirm any deviation from QCD observed



















Spin 1/2 -> qg (q*)
 (Z’)qSpin 1 -> q
,gg (G)qSpin 2 -> q
CMS Preliminary
Figure 7: The distribution the
cosines of the angles between the
two leading jets clearly distin-
guishes between pure QCD and
signals of new physics.






















Figure 8: The 1-Ψ(r) distribution is given
as a function of jet p
T
. Ψ(r) is the energy
flow integrated up to a distance r of the jet
axis.
6 Jet Shapes
Jet shapes are studied to discriminate between different underlying event models [18] and
they allow to distinguish between gluon and quark initiated jets. With these properties the
measurements are also able to test the showering models of current Monte Carlo generators.
Figure 8 shows the average integrated differential energy flow inside jets. A noticeable
difference can be observed between gluon and quark initiated jets, and the “standard” QCD
dijet mixture of both.
7 Outlook
Jet final states are critical both for studying the detector performance and for the “re-
discovery” of the Standard Model at the LHC, where p-p collisions will probe a previously
unexplored kinematic region. Even a small amount of early data will be sufficient for QCD
measurements exceeding the pT reach of the Tevatron. Additionally, jet measurements are
sensitive to new physics. Contact interactions and resonances decaying into dijets can be
discovered early on.
Enabling precision QCD measurements by establishing the jet energy scale with a sys-
tematic uncertainty well below the expected 10% startup uncertainty is a very challenging
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